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ABSTRACT

This memorandum contains estimates of the data gene-
rated on the first five flights of the Apollo Applications
Program. Details such as the duration of inflight data collection,
number and type of channels, sampling rates, and the total amount
of data collected are given for each experiment in Appendix A.
Since the experiment definitions and flight assignments are
continually changing, the data in this memorandum must be used
with caution. They are intended to be used for general planning
purposes and not as design requirements.

The changes between Case I (March) and Case II (July)
1967 in experiment assignments and in the experiment definitions
have led to noticeable, but not significant, reductions in estimates
of both data rates and total data, as shown below:
Case T Case II

Data Rate Total Data Data Rate Total Data

(bits/sec) (bits) (bits/sec) (bits)
AAP 1A cmee s 3K b x 108
AAP 1-2 25K 7 x 10° 18K 2 x 109
AAP 3-4 21K 1 x 10%° 19K "6 x 107

The above data rates are the sum of the data rates coming
from each experiment. The sampling rate used for each experiment is
that specified by the principal investigator; where only a bandwidth
was specified, the Nyquist rate (twice the bandwidth) is used.

The above data totals represent only the "desired" bits from each
experiment, i.e., the bits that are collected if the duration of

the experiment and the rates at which the experiment sensors are

sampled are exactly as requested by the principal investigator.

If the sampling rates used for each experiment are adjusted
teo be at least four times the signal bandwidth, and if they are further
adjusved to the sampling rates avallable on the PCM system of the experi-
ment's carrier module, then the data rates would be more tnan
doubled, as illustrated below. -
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Case II Case ITI (With Adjusted
Data Rate Data Rate S2mpling Rates)
(bits/sec) (bits/sec)

AAP 1A 3K 11X

AAP 1-2 18K 47K

AAP 3-4 19K 4oK

It is also significant to note the impact of the EXKG
measurements on the data rates. This i1s illustrated by the
following tabulation:

Case IT With Adjusted Sampling Rates

Data Rate Data Rate
With EKG's Without EKG's
AAP 1A 11K 11K
AAP 1-2 47K 16K
AAP 3-4 40K 11K

The rates shown in the left-hand column assume
experiment EKG measurements would be sampled and digitized. If

these measurements were instead recorded and transmitted as
analog signals, the bit rates would drop to less than one-third
of their value, as shown in the right-hand column. Thus, if
PCM channel availability is limited, analog data handling, data

compression, and a hard look at requirements should be considered
for EKG data.
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SUBJECT: Data Generated by Experiments DATE:  September 22, 1967
on AAP Flights 1A through U

Case 600-2 FROM: R. K. Agarwal

MEMORANDUM FOR FILE

INTRODUCTION

The Apollo Applications Program is a series of mis-
sions with the primary purpose of performing experiments in
space. Both the set of experiments and their flight assign-
ments are still changing, even for the earliest missions.
Nevertheless, it is important to get some idea of the data
loads expected from these experiments and to study them on a
mission-by-mission basis. These data loads are needed to
specify the requirements for on-board and ground data process-
ing systems. They also are needed as feedback tc the assign-

ment of experiments to missions.

A previous attempt at estimating the data loads for
AAP was presented in a memorandum by P. S. Schaenman, dated
May 31, 1966.% The present memorandum represents current
estimates for the first five AAP flights (1A, 1, 2, 3 and 4).
These five flights include 55 experiments out of approximately
150 experiments tentatively assigned to all AAP missions. A
summary of data estimates issued by the author as working
papers on March 23, 1967, referred herein as Case I, 1s also
included to give an idea of how the changing of experiment
payloads affects overall data rates and amounts of data.
Comments received from the Manned Spacecraft Center (MSC) and
Marshall Space Flight Center (MSFC) on the working papers have
been incorporated.

TYPES OF ESTIMATES PROVIDED

Estimates of experiment data are presented in three
sets of charts in this report. One set, the Experiment Data
Estimate Charts, is given in Appendix A and contains for each
experiment detailed information such as data collection pe-
riods, sampling rates, total bits, etc. This information 1is
based on experiment considerations alone whenever possible.

#"Data Generated by AAP Experiments," Memorandum for File,
Case 218, P. S. Schaenman, May 31, 1966.
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That is, a sampling rate may be given as the minimum rate re-
quired by the experiment, rather than the "best fit" chosen
from the sampling rates available on the experiment's carrier
module. If a sampling rate has been specified by a Principal
Investigator (P.I.), it is used; if not, the Nyquist rate
(twice the information bandwidth) is used. The experiment
charts, therefore, provide a means for determining what is
theoretically required by an ensemble of experiments as op-
posed to what is eventually allocated for them. These charts
should be relatively unaffected by shifts of experiments from
module to module, and to a lesser extent, from flight to flight.
It must be stressed, however, that the definition of the indi-
vidual experiments and their associated equipment are continu-
ally changing. A detailed set of notes explaining each column
on the Experiment Data Estimate Charts may be found in Appen-
dix A.

The second set of charts, the Experiment Data Summary
Charts, contains summaries of information in the Experiment
Data Estimate Charts arranged by flight and by mission. Case I,
the summary for missions as defined in early March 1967,% is
given in Appendix B. Case II, which is given in Appendix C, is
based on a later proposed set of experiment flight assignments
as given in a Bellcomm memorandum by M. S. Feldman, dated
June 27, 1967. Assignment of experiments to modules 1is based
on the minutes of the March 20, 1967 meeting of the NASA Manned
Space Flight Experiments Board.

The summary charts include the total bit rates which
are to be obtained from the experiments on each mission if all
the experiments on the mission are simultaneously generating
data at the rates requested by the P.I.'s. This "requested"
experiment data rate is different from the actual experiment
data rate which will be transmitted because of the small variety
of sampling rates available on existing Apollo and Gemini PCM
systems. The actual experiment data rate is also influenced by
whether a factor of two (the Nyquist rule) or something higher
is used to convert from desired information bandwidth to sam-
pling rate. This is discussed further in Appendix A.

The summary charts also include the total amount of
electrical-type data generated by running each experiment at
the data rates and for the duration requested by each P.I.
Again, this will not be the actual number of bits received on

¥The experiment flight assignments and module assignments
were based on those contained in the minutes of the February 6,
1967 meeting of the NASA Manned Space Flight Experiments Board.
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the ground because of changes in the rates (for reasons de-
scribed above) and changes in the durations as a result of
unforeseen events occurring during the mission.

The chart in Appendix D, AAP Data Summary Adjusted
for Planned PCM Systems, illustrates what happens to data
rates when they are adjusted for actual PCM systems and prac-

tical rather than theoretical sampling rates. It is assumed
that: ’

1. Experiments on the Command and Service Module (CSM) use
the standard Apollo PCM system, which has sampling
rates of 1, 10, 50, 100, and 200 samples/sec.

2. Experiments on the Multiple Docking Adapter (MDA)
Orbital Workshop (OWS), Instrumentation Unit (IU),
and Apollo Telescope Mount (ATM) use standard Saturn
PCM systems,with sampling rates 4, 12, 40, and 120
samples/sec.

3. More than one channel of the same sampling rate may
be assigned to a single experiment with proper phas-
ing so that, say, a 20 s/s requirement can be
satisfied by using two 10 s/s channels.

4y, If a sampling rate has not been specified by the P.I.
for a given experiment, four times the information
bandwidth is used (rather than the Nyquist rate).

It 1s assumed here that the number of channels needed
at each sampling rate is available. This 1s not 1likely to be
the case because of conflicts with systems status measurement
requirements and hardware limitations. Some measurements which
require, say, 1 s/s channels will be allocated to the next
highest available channels, say, 10 s/s. This will cause the
actual data rate to be even higher than those shown in Appen-
dix D.

The estimates presented in all of the charts repre-
sent information in the references wherever possible. However,
in some places it includes estimates made within Bellcomm.

There are very few "fudge factors" included in the estimates;
this job 1is left to users of this data. For example, the author
shows five analog channels as outputs from an experiment only

when five particular measurements can be identified. This num-
ber is not multiplied by "two" or some such "factor" to provide

a "margin."
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COMMENTS

The lack of proper definition of the experiments,
especially in the area of data collection, has made this task
quite difficult. Although an attempt is being made to present
the best estimates available from the written references as
well as from verbal contacts with various people at NASA Cen-
ters and Bellcomm, there are still a few areas of concern.

The P.I. may require auxiliary information to analyze
his experiment in addition to the data from his experiment's
sensors. For example, the time and duration of the experiment,
or data from other experiments performed in the same time frame
as his experiment, may have an effect on his analysis. He may
also require a quick look at the performance of the experiment
in real time or near real time to alter his experiment's opera-
tion or schedule. These requirements are either absent or not
well-defined in the references.

Likewise, information on photographic data collection
such as the type, size and volume of the film is lacking or
vague in most cases. It is not certain whether the photograph-
ic film will be processed in the spacecraft or not. If it is
processed in the spacecraft, it 1s also uncertain 1f any pic-
tures are to be transmitted in real time.

In some cases, the bandwidth required for an experi-
ment is not stated but a sampling rate is given. A reader
has no idea whether the P.I. has used the Nyquist sampling
rate or something higher. Further, from those cases in
which both bandwidth and sampling rate are given, there does not
seem to be any consistency from one experiment to another in the
bandwidth-to-sampling rate conversion.

The duration of experiments is assumed to be 28 days
unless otherwise indicated in the data collection period column.
Although mission AAP-3/AAP-4 has a 56-day duration, it is
assumed that the data collection periods of particular experi-
ments would not be longer than 28 days, again unless otherwise
indicated. Many experiments have no information concerning
their duration specified in any reference.

The total number of channels for biomedical house-
keeping data, indicated by an asterisk and shown in the subtotal
row of the Experiment Data Summary Charts, Appendices B, C and D,
are less than the algebraic sum of these channels on individual
experiments since the equipment used to get the data 1s common
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for some experiments. The number of channels availlable for
common experiment usage 1ls assumed to be:

3 Channels for EKG
1l Channel for Respiration Rate
1 Channel for Blood Pressure

CONCLUSION

The changes between March and July 1967, in experi-
ment assignments and in the experiments themselves have led to
a noticeable but not particularly significant reduction in both
data rates and data magnitude. This may be seen in the table
below, which compares desired data rates and desired total
amounts of data (Some biomedical data which may or may not be
counted as housekeeping data is included in the numbers below--
see Appendix A for further explanation).

Case I (March) Case II (July)
Data Rate Total Data Data Rate Total Data
(bits/sec)  (bits) (bits/sec) (bits)
AAP 1A —— —-— 3K b x 108
AAP 1-2 25K 7 x 107 18K 2 x 10°
AAP 3-1 21K 1 x 10%° 19K 6 x 107

Even more interesting is the difference between the
desired sampling rates shown above for Case II and the same
rates adjusted for actual PCM systems and more realistic samp-
ling rates. The adjusted rates are:

AAP 1-2 HOKBPS | pgjusted rates

AAP 3-4 3 OKBPS (with EKG's)

These rates are more than double the desired (and, at present,
more theoretical than practical) rates. This indicates that
studies of programmable PCM systems with the ability to vary
sampling rates, and more optimum methods of signal sampling
and reconstruction, should be investigated.
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It is also noteworthy that if all EKG measurements
used in experiments were recorded and transmitted as analog
signals (with no sampling), then the above rates drop drasti-
cally to less than one third their values:

Adjusted rates

N
AAP 1-2 18KBPS >
(without EKG's)

AAP 3-4 12KBPS J

Thus, it is extremely important to consider the data handling
of EKG signals. If PCM channel availability is limited, then
analog handling or data compression should be strongly con-
sidered.¥*

Appendices A through D indicate that the biomedi-
cal and science experiments (mostly astronomical type) are the
highest data generating experiments on these first five flights.

g4 Lrarv=K

1031-RKA-jde R. K. Agarwal

Attachments
References
Appendices A thru D

%¥See "Improving Space Flight Telemetry," Instrumentation
Technology, July 1967 for a discussion of EKG data compression.
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APPENDIX A

Experiment Data Estimate Charts

A. Symbols Used in the Charts

1. A "?" by itself indicates a lack of available infor-
mation, and when following a word or piece of data,
it indicates high uncertainty in the estimate.

2. A "? ft. of ? film" means the footage and type
of film are unknown.

3. Parentheses "()" around a number indicate that the
number was taken directly from one of the references
and 1s not an estimate by the author. Sometimes two
numbers are given with one in parentheses. This is
used whenever the author's estimate is different
from that in the references.

b, An "*¥" is used for biomedical measurements which are
required for a particular experiment but may also be
required as part of standard housekeeping data. It
is shown explicitly because the experiments may cause
more frequent or longer biomedical data collection
than would be required by housekeeping alone, or may
use experiment sensors independent of sensors used
for crew safety data. It is a significant amount of
data, and since it is needed to interpret the experi-
ments, may be of concern for sizing experiment data
archives.

B. Explanation of Coiumns on the Data Estimate Charts

The following sectlons discuss the various columns on
The Data Estimate Charts:

Experiment Number

There are three numbers shown (if they exist) to
identify each experiment. The first conforms to the most re-
cent NASA Headquarters numbering system; the second is the olad,
assorted NASA numbers; the third is the numbering system used
in the Bellcomm experiment files.

Experiment Name

In many cases, the name listed is one of several
associated with the experiment.
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Appendix A

In-Flight Data Collection Period

The title refers to periods during which data is
collected. This is not always the same as the periods during
which astronauts are working on the experiment; it does not
include set-up and tear-down times, for example, but does in-
clude periods of automatic or nonsupervised data collection.

Unless otherwlise specified, it is assumed that all
channels associated with an experiment are outputting data
during the data collection periods shown.

Nature or Source of Data

Either a device or a type of data is listed.

Number of Channels

It is assumed that each individual measurement has
its own output channel, unless otherwise specified.

Type
Possible types of channels for electrical signals

coming from experiments but before being sampled are Analog (A),
Digital (D), and Bi-Level (Bi-L). Bi-Level refers to channels
which handle discrete binary information of the on-off, open-
closed variety. Nonelectrical data which are physically re-
covered, such as film and specimens, have an (R) in this column.

Bandwidth

Analog channels are assumed to be of narrow, medium,
or wide bandwidth, where:

Narrow is defined as 0-100 Hz.
Medium is defined as 100-300 Hz.
Wide is defined as >3000 Hgz.
The idea behind this categorization is that narrow

bandwidth analog data can be sampled, and that medium bandwidth
data can be transmitted via a volce-grade channel.
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Appendix A

Samples Per Second

Whenever possible, sampling rates specified by P.I.'s
are used. If the bandwidth but not the sampling rate is given,
the Nyquist sampling rate (twice the highest frequency) is used.
If neither 1is given, estimates are made by analogy to known
measurements. In particular, temperatures are assumed to be
sampled at a rate of 1 sample per second, and voltages, currents,
flow rates, and pressures at 1-10 samples per second. These
are the rates for similar measurements in the Apollo spacecraft.

It may be argued that in the cases where only the
bandwidth is known, one should not use the Nyquist rate (theoreti-
cally, the minimum sampling rate) but rather a factor of 3-5 times
the highest frequency, i.e., 1.5-2.5 times the Nyquist rate.

This factor is often used in spaceborne telemetry of systems data
to ensure recovering the desired highest frequencies without dis-
tortion introduced by real-world equipment and communications
channels. However, the experiment data telemetered to the ground
1s unlikely to require high precision processing in real-time.

It may, therefore, be possible to use sampling rates closer to
the theoretical rates and use more sophisticated digital process-
ing to reconstruct the sampled signal--in other words, trade
reconstruction time for precision. Furthermore, judging from

the lack of precise data handling definitions currently available
on these experiments and the widespread tendency to overestimate
sampling rates in the face of uncertainty, the bandwidths quoted
in the references are probably on the high side of what are
actually required. Thus the Nyquist rate is used as described

in order to estimate lower bounds for the data rates from the
various experiments. Higher, more realistic, and more likely esti-
mates are given in Appendix D.

Total Bits Per Second

It has been assumed that all samples of analog signals
are converted into 8 bit words unless otherwise specified (e.g.,
ATM experiments and S027 are specified as 10 bit formats). It
has also been assumed that all digital channel information is
encoded in 8 bit words (ATM and S027 excepted). Thus, the data
in the bits per second column are usually calculated from:
bits/second = (no. of channels)(sampling rate per channel)(8 bits

per sample).
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Appendix A

Sometimes an experimenter requests more or less than
8 bits/sample because of g greater or lesser accuracy require-
ment. This will be shown by putting the experimenter's bits/sec.

figure in parentheses, underneath the corresponding figure
using 8 bits/sample.

Total Amount of Data From Experiment (Desired)

Total digital and sampled (narrow band) analog data
from each experiment are added together and expressed in bits.
Total bits are calculated from:

Total no.of bits = total data collection time (seconds) x bits/sec.

For medium or wideband data, the total data is ex-
pressed in terms of medium or wideband channel-hours. Ten
channel-hours could be 10 channels generating for one hour or
one channel for 10 hours. For photographic data the number of
photos or feet of film is used for total data.

It is important to realize that the "Desired Total
Amount of Data™ is the amount requested by the experimenter,
and not the actual total received on the ground. The actual
total received will be increased by the permanent assignment
of particular PCM input channels to particular experiment
measurements for an entire mission. Data will be collected
from a channel whenever 1t is sampled, regardless of whether
or not the experiment associated with that channel is operating.
The actual total received will be decreased by factors such as
lack of available astronaut time to complete an experiment,
malfunctioning of experiment equipment, and mission contingencies.

Requires Information on S/C Attitude or Trajectory

Many experiments require knowledge of the spacecraft's
trajectory or attitude (and attitude rates) for post-flight
analyses. This need is indicated by a "yes" in the appropriate
column. Dashes mean "no" or "not applicable."”

Real Time Voice During Experiment

In some experiments there is a requirement for voice
communications with the ground during the performance of the
experiment. An "x" in this column indicates this requirement
is necessary or highly desirable.
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Appendix A

References

All written information available to and used by the
author on each experiment is indicated in this column. A 1ist
is included which gives all the references indicated in this
column. The forms referred to are standard NASA forms for ex-
periments. Form 1138 (recently replaced by Form 1146) is the
proposal which the Principal Investigator has to submit for his
particular experiment. A new form, 1147, entitled "Experiment
Implementation Plan" (EIP), is prepared by NASA for each
experiment and expands upon the 1146 form.

Remarks

In some cases, a discrepancy has been found in com-
paring different references for a particular experiment. An
attempt is made to indicate such discrepancies (when they were
not obviously outdated) or any other important information not
covered in any other column, such as the use of a computer to
process the data on board the spacecraft.
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